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t 57 J ABSTRACT 

Novel compounds are provided which are useful as linking 
groups in chemical synthesis, preferably in the solid phase 
synthesis o, oligonucleotides and polypeptides. These com- 
pounds are generally photolabile and comprise protecting 
groups which can be removed by photolysis to unmask a 

aT rW;^ pr ~ ct , ing group has the general formula 

Ar— C(R 1 )(R 2 )— o— C(0)— wherein: 

Ar is an optionally substituted fused polycyclic aryl or 
there'of 3 ' 0111 ^ 10 & °* P " * vin > rlo S ous derivative 

Rl ^ R n ^ inde P ende *% H, optionally substituted 
alkyl, alkenyl or alkynyl, optionally substituted aryl or 
optionally substituted heteroaromatic, or a vinyloeous 
derivative of the foregoing; and 

X a* f ° Up ' a Chemical fra § mcnt l*ked to 

Ar-C(R 1 )(R 2 )-0-C(0>~ via a heteroatom, or a 
solid support; provided that when Ar is 1-pyrenyl and 
Ki=K,=H, X is not linked to Ar— Qfi^fR^—O— C 
(O)— via a nitrogen atom. Preferred embodiments are 
those m which Ar is a fused polycyclic aromatic 
hydrocarbon and in which the substituents on Ar R 
and R are electron donating groups. A particularly 
preferred protecting group is the "PYMOC" protecting 
group, pyrenylmethyloxycarbonyl, where Ar-pyrenvl 
and Rj-R 2 -H. 

Also provided is a method of forming, from component 
molecules a plurality of compounds on a support, each 
compound occupying a separate predefined region of the 
support, using the protected compounds described above 
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PYMOC-PHOSPORAMIDITE SYNTHESIS 




(NiPr 2 ) 2 POCH 2 CH 2 CN 
(NiPr 2 ) 2 NH • tetrazole 




Fig.1 
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5' PYMOC-PHOSPORAMIDITE SYNTHESIS 
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HCTV<Y N C 6 F 5 OCOCI C 6 F 6 0 A 0"V°y N 
HO pyridine H( / 




Fig. 2 
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Benzyl Photo-cleavable Protecting Groups 

General: 

?1 O 

Ar-C-O— X R i- R 2 = H, alkyl, substituted aromatic hydrocarbon 
R 2 




group 



Fig.3 
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SYNTHESIS OF OLIGONUCLEOTIDE 
ARRAYS USING PHOTOCLEAVABLE 
PROTECTING GROUPS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a regular application claiming 
priority from Provisional U.S. Application Ser. No 60 008 
684, filed Dec, 15, 1995. 

The present invention was made with U.S. Government 
support under ATP Grant No. 70NANB5H1031, and the 
government may have certain rights in the invention. 

BACKGROUND OF THE INVENTION 

The present invention relates to the area of chemical 
synthesis. More particularly, this invention relates to pho- 
tolabile compounds, reagents for preparing the same and 
methods for their use as photocleavable linkers and protect- 
ing groups, particularly in the synthesis of high density 20 
molecular arrays on solid supports. 

The use of a photolabile molecule as a linker to couple 
molecules to solid supports and to facilitate the subsequent 
cleavage reaction has received considerable attention during 
the last two decades. Photolysis offers a mild method of 25 
cleavage which complements traditional acidic or basic 
cleavage techniques. See, e.g., Lloyd- Williams et al (1993) 
Tetrahedron 49:11065-11133. The rapidly growing field of 
combinatorial organic synthesis (see, e.g., Gallop et al 
(1994) J. Med Chem. 37:1233-1251; and Gordon et al" 30 
(1994)/. Med. Chem. 37:1385-1401) involving libraries of 
peptides and small molecules has markedly renewed interest 
in the use of photolabile linkers for the release of both 
ligands and tagging molecules. 

A variety of ortho-benzyl compounds as photolabile pro- 35 
letting groups have been used in the course of optimizing 
the photolithographic synthesis of both peptides (see Fodor 
et al. (1994) Science 251:767-773) and oligonucleotides 
(see Pease et al. Proc. Natl Acad. Set USA 91:5022-5026). 
See PCT patent publication Nos. WO 90/15070 WO 40 
92/10092, and WO 94/10128; see also U.S. patent applica- 
tion Ser. No. 07/971,181, filed Nov. 2, 1992 (now 
abandoned) and Ser. No. 08/310,510, filed Sep 22 1994 
(now abandoned); Holmes et al. (1994) in Peptides 
Chemistry, Structure and Biology (Proceedings of the X3th 45 
American Peptide Symposium); Hodges et al. Eds • ESCOM 
Leiden; pp. 110-12, each of these references is incorporated 
herein by reference for all purposes. Examples of these 
compounds included the 6-nitroveratryl derived protecting 
groups, which incorporate two additional alkoxy groups into 50 
the benzene ring. Introduction of an a-methyl onto the 
benzyhc carbon facilitated the photolytic cleavage with 
>350 nm UV light and resulted in the formation of a 
mtroso-ketone. 

Photocleavable protecting groups and linkers should be 55 
stable to a variety of reagents (e.g., piperidine, TFA, and the 
like); be rapidly cleaved under mild conditions; and not 
generate highly reactive byproducts. The present invention 
provides such protecting groups and methods for their use in , n 
synthesizing high density molecular arrays. 

SUMMARY OF THE INVENTION 
According to a first aspect of the invention, novel com- 
pounds are provided which are useful as linking groups in 65 
chemical synthesis, preferably in the solid phase synthesis of 
oligonucleotides and polypeptides. These compounds are 



generally photolabile and comprise protecting groups which 
can be removed by photolysis to unmask a reactive group. 
The protecting group has the general formula Ar— CYR 1 
(R 2 }-0— C(O)— wherein: 1 lJ 

Ar is an optionally substituted fused polycyclic aryl or 
heteroaromatic group or a vinylogous derivative 
thereof; 

Rj and R 2 are independently H, optionally substituted 
alkyl, alkenyl or alkynyl, optionally substituted aryl or 
optionally substituted heteroaromatic, or a vinylogous 
derivative of the foregoing; and 
X is a leaving group, a chemical fragment linked to 
Ar-C(R 1 XR 2 )-O-C(0)- via a heteroatom, or a 
solid support; provided that when Ar is 1-pyrenyl and 
Ri-Ra-H, X is not linked to Ar— C(R 1 )(R 2 )— O— C 
(O)— via a nitrogen atom. Preferred embodiments are 
those in which Ar is a fused polycyclic aromatic 
hydrocarbon and in which the substituents on Ar, R x 
and R 2 are electron donating groups. Particularly pre- 
ferred protecting groups are the "PYMOC protecting 
group, pyrenylmethyloxycarbonyl, where Ar-1- 
pyrenyl and R,-R 2 -H, and the "ANMOC protecting 
group, anthracenylmethyloxycarbonyl, where 
Ar-anthracenyl and Rj-R 2 -H. Methods are provided 
for preparing these compounds. 
This invention also provides reagents of the molecular 
formula Ar_C(R lX R 2 )-0-C(0)-X, where Ar, R : , and 
K 2 have the meanings ascribed above, for incorporating the 
protecting group into the molecule desired to be protected. 

Another aspect of this invention provides a method of 
attaching a molecule with a reactive site to a support 
comprising the steps of: 

(a) providing a support with a reactive site; 

(b) binding a molecule to the reactive site, the molecule 
comprising a masked reactive site attached to a photo- 
labile protecting group of the formula Ar— C(R } 
(R 2 )—0— C(O)— therein: 1J 

Ar is an optionally substituted fused polycyclic aryl or 
heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; 
Ri and R 2 are independently H, optionally substituted 
alkyl, alkenyl or alkynyl, or optionally substituted aryl 
or heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; 
to produce a derivatized support having immobilized 
thereon the molecule attached to the photolabile protecting 
group; and fc 

(c) removing the photolabile protecting group to provide 
a derivatized support comprising the molecule with an 
unmasked reactive site immobilized thereon. 
A related aspect of this invention provides a method of 
forming, from component molecules, a plurality of com- 
pounds on a support, each compound occupying a separate 
predefined region of the support, said method comprising 
the steps of: 5 

(a) activating a region of the support; 

(b) binding a molecule to the region, said molecule 
comprising a masked reactive site linked to a photo- 
labile protecting group of the formula Ar— C(R ) 
(R 2 >-0-C(0)-, wherein: V l} 

Ar is an optionally substituted fused polycyclic aryl or 
heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; 
Rj and R 2 are independently H, optionally substituted 
alkyl, alkenyl or alkynyl, or optionally substituted aryl 
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or heteroaromatic group or a vinylogously substituted tri-substituted, independently, with alkyl lower-alkvl 

denvative of the foregoing; cycloalkyl, hydroxylower-alkyl, aminolowcr-alkyl! 

(c) repeating steps (a) and (b) on other regions of the hydroxyl, thiol, amino, halo, nitro, lower-alkylthio, lower- 
support whereby each of said other regions has bound alkoxy, mono -lower-alky lam ino, di-lower-alkylamino, acyl, 
thereto another molecule comprising a masked reactive - s hydroxycarbonyl, lower-alkoxycarbonyl, hydroxysulfonyl,' 
site linked to the photolabile protecting group, wherein lower-alkoxysulfonyl, lower-alkylsulfonyl, lower- 
said another molecule may be the same or different alkylsulfinyl, trifluoromethyl, cyano, tetrazoyl, carbamoyl 
from that used in step (b); lower-alky lcarbamoyl, and di-lowcr-alkylcarbamoyl. For 

(d) removing the photolabile protecting group from one of example, typical heteroaryl groups with one or more nitro- 
the molecules bound to one of the regions of the 10 8cn atoms are tetrazoyl, pyridyl (e.g., 4-pyridyl, 3-pyridyl, 
support to provide a region bearing a molecule with an 2 'Pyridy\), pyrrolyl (e.g., 2-pyrrolyl, 2-(N-alky])pyrrolyl)i 
unmasked reactive site; pyridazinyl, quinolyl (e.g. 2-quinolyl, 3-quinolyl etc.), 

(e) binding an additional molecule to the molecule with an imidaK M isoquinolyl, pyrazolyl, pyrazinyl, pyrimidinyi' 
unmasked reactive site; pyndonyl or pyridazinonyl; typical oxygen heteroaryl radi- 

(f) repeating steps (d) and (e) on regions of the suooort 15 °^ 7^ *? °^ gC ? at ° m are 3 '^ ryl or benzof ™- 
until a de^reclplu/ality of LmpoSTi fom^ Sffi ^ ^'T' ^V* ^ ^ ^ 
the component molecules, each compound occupying mi ? d hct f r ° at ° L m hctero «yl radical, are 
separate regions of the support 0CCU P^ furazanyl and phenothiazmyl. Further the term also includes 

TOs method finds particular utility in synthesizing high 20 £S? Sh" * W f " the has been 

density arrays of nucleic acids on solid supports. *° Z!oZ ' ™ N " 0XKk ° F 



BRIEF DESCRIPTION OF THE DRAWINGS 1116 temi "°P tio nally substituted" refers to the presence or 

lack thereof of a substituent on the group being defined 
HU ;' 1 and 2 show syntheses of 5'— 0— When substitution is present the group may be mono- di- or 
pyrenylmethyloxycarbonyl ("PYMOC) protected deoxy- 25 tri-substituted, independently, with alkyl lower-alkyl 
nucleoside 3'— O— cyanoethylphosphoramidites in a suit- cycloalkyl, hydroxylower-alkyl, aminolower-alkyl' 
able form for coupling to a support. hydroxyl, thiol, amino, halo, nitro, lower-alkylthio, lower- 

FTG. 3 shows representative Ar groups that can be present alkoxy, mono -lower-alky lamino, di-lower-alkylamino, acyl, 
in the compounds of this invention. hydroxycarbonyl, lower-alkoxycarbonyl, hydroxysulfonyl) 

30 lower-alkoxysulfonyl, lower-alkylsulfonyl, lower- 
DESCRiPTION OF THE PREFERRED alkylsulfinyl, trifluoromethyl, cyano, tetrazoyl, carbamoyl, 

EMBODIMENT lower-alkylcarbamoyl, and di-lower-alkylcarbamoyl! 

THe following definitions are set forth to illustrate and bwT^ substituents such as alkyl, 

define the meaning and scope of the various terms used to 35 77^ J ' ^loalkyl, hydroxylower-alkyl, ammolower- 
describe the invention herein ^ ' ' ^ ""^ hal °' lower -^ylthio, lower- 

Thp .Pm, ".11, i» p . u L ^ alkoxy, mono-lower-alkylamino and di-lower-alkylamino 

The term alkyl refers to a branched or straight chain are preferred 
acyclic, monovalent saturated hydrocarbon radical of one to rh, ««i j ** » * 

twenty carbon atoms ^ term electron donating group" refers to a radical 

u . lM1 1; , f An S rou P tna t has a lesser affinity for electrons than a hydrogen 

rill wnTch 7 ? '? UnSa ,! Urated hy*ocarbon 40 atom would if it occupied the same position in the molecule, 
radical which contains at leas, one carbon-carbon double For example, typical electron donating groups are hydroxy 

Sals 8 ' ChUn Cydk alk0Xy (e g ' meth0Xy )' amlno > a ^ lam ' no and dialkylamino 

n,* *1™ « n i» * ^ tenn " leav ing group" means a group capable of beine 
r^JZw h y 7 ref f? toan ™ r » ted hydrocarbon 45 displaced by a nucleophile in a chemical reaction, for 

K T i T t T l T carb0I ^ carb ™ tri P'* sample halo, nitrophenoxy, pentafmorophenoxy, alky sul- 

Sals g ' ^ ^ CyClk f ° DateS (C g " methanesulfonate), aryl sulfonates, 

' phosphates, sulfonic acid, sulfonic acid salts, and the like 

The term "aryl" refers to an aromatic monovalent car- "Activating group" refers to those groups which, when 

a M^ nn ! (e u g " PhCny,) ° f tW ° 50 aUached t0 4 P articular fi»«*iond group or reactive site 

condensed rings (e.g naphthyl), winch can optionally be render that site more reactive toward covalent bond formal 

mono-, di-, or n-substituled, independently, with alkyl, tion with a second functional group or reactive site For 

lower-alkyl, cycloalkyl, hydroxylower-alkyl, aminolower- example, the group of activating groups whLh can be used 

alkyl, hydroxyl, thiol, ammo, halo, nitro, lower-alkylthio, in the place of a hydroxyl group Llude -0(CO)Cl 

a^i^^v, ffio ! ,0 - low ^- al l k y la mino, di-lower- 55 -OCH.C1; -0(CO)OAr, where Ar is an aromatic group! 

alkylamino, acyl, hydroxycarbonyl, lower-alkoxycarbonyl, preferably, a p-nitrophenyl group; -O(CO) (ONHSV and 

hydroxysulfonyl, lower-alkoxysulfonyl, lower- the like. The group of activating Soups which are useful for 

S£™ K ^P^^ trifluoromethyl, cyano, a carboxylic acid I include simple ester groups and anhy- 

tetrazoyl, carbamoyl, lower-alkylcarbamoyl, and di-lower- drides. The ester groups include alkyl aryl and alkenvl 

aUcylcarbamoyl. Alternatively, two adjacent positions of the 60 esters and in particular such groups as 4-nitropTenyl 

Zen T S T bStl 'n ted ' ™W™ di °xy or N-hydroxylsuccinimide and pentafluorophenol. Other Jt 

ell a" e prSd UP ' * ekc,ron - donatin 8 substilu - vali "S groups are known to those of skill in the art. 

Tt,. .»™"k. . " Che mical library" or "array" is an intentionally created 

l e n, ^n„ heter , 0ar ° mallC ' 10 an ar °rnauc monova- collection of differing molecules which can be prepared 

tlZ ZZ P °' y - CycllC radlCal havin 8 31 leasl one het " « either synthetically or biosynthetically and screened for 

XlZ r r™ 8 ' e mti ° gCn ,; °, Xy8en ° f SUlfur ' bi0l °S ical activi 'y in a variety of different formate (e g 

wherem the aromatic nng can optionally be mono-, di- or libraries of soluble molecules; and libraries of compounds 
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T^Tl'lT! b ? 4 !.' ™u* C f hipS ' ° r 0,h " ^"dfPP 0 ^) °" Ar, R, and R 2 are electron donating groups. Par- 

SK. of r e rTo£mers° M lnlentl0na "y Created ticularl y Purred protecting groups are the "PYMOC 

"Predefined r«,mn" ~f-.r. . i r j ,■ , P rotect »ig g^P, 1-pyrenylmethyloxycarbonyl, where 

Predefined region refers to a localized area on a solid Ar=l-pyrenyl and R,=R 2 =H, and the "ANMOC" protectinc 

"\ W! 1' ° r 1 W,en . ded t0 be ^ f ° r f ° rmali0n 5 group anihraceny Imethyloxyc.rbonyl where 

ot a selected molecule and is otherwise referred to herein in *u i / a , y^y^uvuyi, wnere /\r 

the alternative as a Elected" region. Th" ™fi*5 r gion 9-anthracenyI and Rj =R 2 =H. 

may have any convenient shape" e.g., circular, rectanX • R ] e P; esentatl ^ u fu l sed P°lycyclic aromatic hydrocarbons 

elliptical, wedge-shaped, etc. For the sake of brevity herein' [ ^ "P htha ^ne, phenanthrene, anthracene, 

"predefined regions" are sometimes referred to simply as ben zoanthracene, dibenzoanthracene, heptalene, 
"regions/' In some embodiments, a predefined region and, 10 a cena P htnalene > acephenanthrene, tnphenylene, pyrene, 

therefore, the area upon which each distinct compound is ™orene, phenalene, naphthacene, picene, perylene, 

synthesized smaller than about 1 cm 2 or less than 1 mm 2 . pentaphenylene, pyranthrene, fullerenes (including C 60 and 

Within these regions, the molecule synthesized therein is c voX and the like. A representative vinylogously substituted 

preferably synthesized in a substantially pure form. In derivative of an aromatic hydrocarbon is styrene. 

additional embodiments, a predefined region can be 15 invention also provides reagents of the molecular 

achieved by physically separating the regions (i.e., beads, formula Ar — C(R 1 )(R 2 ) — 0 — C(O) — X, where Ar, R 1( and 

resins, gels, etc.) into wells, trays, etc. R 2 have the meanings ascribed above, for incorporating the 

"Solid support", "support", and "substrate" refer to a protecting group into the molecule desired to be protected, 

material or group of materials having a rigid or semi-rigid X can ^ c anv suitable leaving group such as halo, 
surface or surfaces. In many embodiments, at least one 20 ox y carD onyl, imidazolyl, pentafluorophenoxy and the like^ 

surface of the solid support will be substantially flat, w hich is capable of reacting with a nucleophilic group such 

although in some embodiments it may be desirable to ^ n y droxv > amino, alkylamino, thio and the like on the 

physically separate synthesis regions for different com- molecule being protected. Thus, the reagents comprising the 

pounds with, for example, wells, raised regions, pins, etched protecting groups disclosed herein can be used in numerous 
trenches, or the like. According to other embodiments, the 25 applications where protection of a reactive nucleophilic 

solid supports) will take the form of beads, resins, gels, S rou P is required. Such applications include, but are not 

microspheres, or other geometric configurations. ' limited to polypeptide synthesis, both solid phase and solu- 

Isolation and purification of the compounds and interme- tlon P nase > — and polysaccharide synthesis, polynucle- 

diates described herein can be effected, if desired, by any otide s y ntnesis > protection of nucleophilic groups in organic 

suitable separation or purification procedure such as, for 30 s y ntheses of potential drugs, etc. 

example, filtration, extraction, crystallization, column ^ invention also provides compositions of the molecu- 

chromatography, thin-layer chromatography, thick-layer lar formula Ar— C(R 1 )(R 2 )— 0— C(O)— M, where Ar, R, 

(preparative) chromatography, distillation, or a combination and R . 2 have the meanin g outlined above and M is any other 

of these procedures. Specific illustrations of suitable sepa- chemical fragment. Preferably, M will be a monomeric 

ration and isolation procedures can be had by references to 35 buildin g block that can be used to make a macromolecule. 

the examples hereinbelow. However, other equivalent sepa- Such buildm S blocks include amino acids, nucleic acids, 

ration or isolation procedures can, or course, also be used. nucleotides, nucleosides, monosaccharides and the like. 

A "channel block" is a material having 'a plurality of Preferred nucleosides are deoxy adenosine, deoxycytidine, 

grooves or recessed regions on a surface thereof The thymidine and deoxyguanosine as well as oligonucleotides 

grooves or recessed regions may take on a variety of 40 incor P oratin g such nucleosides. Preferably, the building 

geometric configurations, including but not limited to bl ° ck 15 hnked to the photolabile protecting group via a 

stripes, circles, serpentine paths, or the like. Channel blocks h y drox y or am ine group. When nucleotide and oligonucle- 

may be prepared in a variety of manners, including etching °/! de . com P ositions are used, with the protecting groups of 

silicon blocks, molding or pressing polymers etc invention, the protecting groups are preferably incor- 

This invention provides novel compounds which are 45 3 ~° H ° f the 5 '~° H ° f the nucleoside - 

useful as linking groups in chemical synthesis, preferably in ! P *f , impounds are protected peptides, proteins, 

the solid phase synthesis of oligonucleotides and polypep- T nu i cleotldes and oligo deoxy nucleo tides. Small organic 

tides and high density arrays thereof. These compounds are molecul f> proteins, hormones, antibodies and other such 

generally photolabile and comprise protecting groups which s P ecies u havm g nucleophilic reactive groups can be protected 

can be removed by photolysis to unmask a reactive group 5 ° U ^ lhe pr °f ^ Sr ° UpS 

The protecting group has the general formula Ar— CfRO , "f 6 °J U nu ^oside and nucleotide analogs is also 

(RJ— O— C(O)— wherein- contemplated by this invention to provide oligonucleotide or 

Ar is an optionally substituted fused polycyclic aryl or cS^V^ P* 0 *^ gr ° UpS ^ 

heteroaromatic group or a vinylogous denva ive « ^ dh .^J^^ 

thereof; 'yoguus derivative 55 nucleoside and deoxynucleotide generally include analogs 

tj i i-iri d* -j j i „ . SUCD ^ tnose described herein. These analocs are those 

aScvl aficenvl or MWn , T™^ m ° leCules havin S some str ~' in common S 

alkyl, aUcenyl or alkynyl. opt.onally substituted aryl or a natura i ly occurrin nucleoside or nucleotide such mat 

do riva^ ofthe fo or a when inJrporated into an oligonucL^^ScE 

derivative of the foregoing; and 60 side lh ^ h \ m ^ ioD ^ a 8 naturaJ1 

Z cTZ wf' ^n^ ,Cal fr l gment l ° ° CCUrriD e oligonucleotide sequence in solution. Typically" 
L(KiXR2)-0—C(0)— via a heteroatom, or a these analogs are derived from naturally occurring nucleo- 
li, I support; provided that when Ar « 1 pyreny. and sides and nucleotides by replacing and/or modifying he 
Ri-R^H, X » not linked to Ar-CCR.XRJ^O-C base, the ribose or the phosphodiester moiety. The changes 

P V a I 8e " ° m L 65 can be Uilor made t0 sUbilize or destabilize hybrid forma- 

Preferred embod.rnents are those ,n which Ar is a fused tion or enhance the specificity of hybridization wi " a 
polycychc aromatic hydrocarbon and in which the substitu- complementary nucleicacid sequence Is de "ed 
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Analogs also include protected and/or modified mono- 
mers as are conventionally used in oligonucleotide synthe- 
sis. As one of skill in the art is well aware oligonucleotide 
synthesis uses a variety of base -protected deoxynucleoside 
derivatives in which one or more of the nitrogens of the 5 
purine and pyrimidine moiety are protected by groups such 
as dimethoxytrityl, benzyl, tert-butyl, isobutyl and the like. 
Specific monomelic building blocks which are encompassed 
by this invention include base protected deoxynucleoside 
H-phosphonates and deoxynucleoside phosphoramidites. 10 

For instance, structural groups are optionally added to the 
ribose or base of a nucleoside for incorporation into an 
oligonucleotide, such as a methyl, propyl or allyl group at 
the 2'— 0 position on the ribose, or a fluoro group which 
substitutes for the 2'— 0 group, or a bromo group on the 15 
ribonucleoside base. 2'— O— methyloligoribonucleotides 
(2' O Me ORNs) have a higher afinity for complementary 
nucleic acids (especially RNA) than their unmodified coun- 
terparts, 2'— O— MeORNAphosphoramidite monomers are 
available commercially, e.g., from Chem Genes Corp. or 20 
Glen Research, Inc. Alternatively, deazapurines and deaza- 
pynmidines in which one or more N atoms of the purine or 
pyrimidine heterocyclic ring are replaced by C atoms can 
also be used. 

The phosphodiester linkage, or "sugar-phosphate back- 25 
bone" of the oligonucleotide analogue can also be substi- 
tuted or modified, for instance with methyl phosphonates or 
O— methyl phosphates. Another example of an oligonucle- 
otide analogue for purposes of this disclosure includes 
"peptide nucleic acids" in which a polyamide backbone is 30 
attached to oligonucleotide bases, or modified oligonucle- 
otide bases. Peptide nucleic acids which comprise a polya- 
mide backbone and the bases found in naturally occurring 
nucleosides are commercially available from e g 
Biosearch, Inc. (Bedford, Mass.). ' ' 35 

Nucleotides with modified bases can also be used in this 
invention. Some examples of base modifications include 
2-aminoadenine, 5-methylcytosine, 5-(propyn-l-yl) 
cytosine, 5-(propyn-l-yl)uracil, 5-bromouracil, and 
5-bromocytosine which can be incorporated into oligonucle- 40 
otides in order to increase binding affinity for complemen- 
tary nucleic acids. Groups can also be linked to various 
positions on the nucleoside sugar ring or on the purine or 
pyrimidine rings which may stabilize the duplex by electro- 
static interactions with the negatively charged phosphate 45 
backbone, or through hydrogen bonding interactions in the 
major and minor groves. For example, adenosine and gua- 
nosine nucleotides can be substituted at the N 2 position with 
an imidazolyl propyl group, increasing duplex stability. 
Universal base analogues such as 3-nitropyrrole and so 
5 -nitro indole can also be included. 

Compounds of this invention can be prepared by carbo- 
nylating an aromatic carbinol of the general formula Ar— C 
(R 1 )(R 2 ) — OH with a carbonylation reagent such as for 
example, phosgene (COCy, carbonyldiimidazole or pen- 55 
tafluorophenoxy chloroformate and the like to provide 
At— c (Ri)(R2)-<>— C(0)-X where X is a leaving group 
derived from the carbonylating reagent (CI, if phosgene was 
used, pentafluorophenoxy, if pentafluorophenoxy chlorofor- 
mate was used, etc.). This intermediate, Ar— C(R 1 XR Z )— 60 
0— C (°) — x ^ then reacted with a molecule M carrying a 
nucleophilic group whose protection is desired to yield a 
protected building block Ar— C(R J )(R 2 )_0— C(0)—M. 
Representative aromatic carbinols are pyrenemethanol 
naphthalenemethanol, anthracenemethanol, perylenemetha- 65 
nol and the like. Such aromatic carbinols are available from 
commercial suppliers such as Aldrich Chemical Co 
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Milwuakee, Wis. Alternatively, they may also be obtained 
from precursor aromatic hydrocarbons by acylation under 
Friedel-Crafts conditions with acid chlorides and anhydrides 
and subsequent reduction of the carbonyl group thus added 
to a carbinol. 

Alternatively, one may first carbonylate the group on the 
molecule being protected with a carbonylation reagent, such 
as one described above, and subsequently displace the 
leaving group X thus inserted with the hydroxyl group of the 
aromatic carbinol. In either procedure, one frequendy uses a 
base such as triethylamine or diisopropylethylamine and the 
like to facilitate the displacement of the leaving group. 

One of skill in the art will recognize that the protecting 
groups disclosed herein can also be attached to species not 
traditionally considered as "molecules". Therefore, compo- 
sitions such as solid surfaces (e.g., paper, nitrocellulose, 
glass, polystyrene, silicon, modified silicon, GaAs, silica 
and the like), gels (e.g., agarose, sepharose, polyacrylamide 
and the like to which the protecting groups disclosed herein 
are attached are also contemplated by this invention. 

The protecting groups of this invention are typically 
removed by photolysis, i.e. by irradiation, though in selected 
cases it may be advantageous to use acid or base catalyzed 
cleavage conditions. Generally irradiation is at wavelengths 
greater than about 350 nm, preferably at about 365 nm. The 
photolysis is usually conducted in the presence of hydroxy- 
lic solvents, such as aqueous, alcoholic or mixed aqueous- 
alcoholic or mixed aqueous-organic solvent mixtures. Alco- 
holic solvents frequently used include methanol and ethanol. 
The photolysis medium may also include nucleophilic scav- 
engers such as hydrogen peroxide. Photolysis is frequently 
conducted at neutral or basic pH. 

This invention also provides a method of attaching a 
molecule with a reactive site to a support, comprising the 
steps of: 

(a) providing a support with a reactive site; 

(b) binding a molecule to the reactive site, said first 
molecule comprising a masked reactive site attached to 
a photolabile protecting group of the formula Ar— C 
(Ri)(R 2 )— O— C(O)— , wherein: 

Ar is an optionally substituted fused polycyclic aryl or 
heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; 
Ri and R 2 are independently H, optionally substituted 
alkyl, alkenyl or alkynyl, or optionally substituted aryl 
or heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; to produce a derivatized 
support having immobilized thereon the molecule 
attached to the photolabile protecting group; and 
(c) removing the photolabile protecting group to provide 
a derivatized support comprising the molecule with an 
unmasked reactive site immobilized thereon. 
As one of skill will recognize, the process can be repeated 
to generate a compound comprising a chain of component 
molecules attached to the solid support. In a "mix and 
match" approach, the photolabile protecting groups may be 
varied at different steps in the process depending on the ease 
of synthesis of the protected precursor molecule. 
Alternatively, photolabile protecting groups can be used in 
some steps of the synthesis and chemically labile (e.g. acid 
or base sensitive groups) can be used in other steps, depend- 
ing for example on the availability of the component 
monomers, the sensitivity of the substrate and the like. This 
method can also be generalized to be used in preparing 
arrays of compounds, each compound being attached to a 
different and identifiable site on the support as is disclosed 
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in U.S. Pat. Nos. 5,143,854, 5,384,261, 5,424 186 5 445 934 wherp Y 1 . • 

and U.S. patent application, Ser. No. 08/376 963 filed Jan III * TJu 8 g T P ' Thereby ' this re S ion °f 

23, 1995 (now abandoned), incorporated for r foe'nce fc d , ZT 7 ^ ^ * P hotolabile P r °"*<-g g™P which 

Purposes. P r reterence lor all can be selectively removed by light directed systems 

Thus, a related aspect of this invention provides a method , tZluV^/Zt *°\ 5 ' 143 ' 854 > 5 > 384 >261, 5,424,186 

of forming, from component molecules a plurality oTcom 1, V f ^ dCSCribed beI ° W " ™* ™ th ° d is 

pounds on a support each compound o^upytaga^epa^e" ^ Z ™ ms are more rea <% 

predefined region of the support, said metho^compS he ohotolah?'" 8 f*^* PT °^ ^ lha " 

the steps of: °mpriMn fe the photolabile protecting groups described herein It will be 

(a) activating a region of the sunnorf ,n reCOg . mZcd that ^ melhod of forming a chain of com- 

F;~'s= s^r, Kir- k " ™" -= - 

(R 2 >-0-C(0)_, wherem: 1 Generally, these methods involve sequential addition of 

At* an optionally substituted fused polycyclic aryl or 15 monomers to build up an array of polymeric species on a 

" 3 Vi ^« ^stituted T ^ aCtiVatmg PrCdefincd ™ o^a sub rate c 
derivative of the foregoing; solid support and then contacting the substrate with a 

ii» n 3re inde P endentJ y H, optionally substituted P rotected monomer of this invention (e.g., a PYMOC pro- 

aJkyl, alkenyl or alkynyl, or optionally substituted aryl ^ Ctcd nucle oside or amino acid). It will be recognized that 

or heteroaromatic group or a vinylogously substituted 20 the lndlvldual monomers can be varied from step to step A 

derivative of the foregoing; common support is a glass or silica substrate as is used in 

(c) repeating steps (a) and (b) on other regions of the se ^°° nduc t°r devices. 

support whereby each of said other regions has bound predefined regions can be activated with a light 
thereto another molecule comprising a masked reactive „ c ?.™ rce ' sh ™n through a screen such as a photo- 
site linked to the photolabile protecting group wherein h ™&&phie mask similar to the techniques used in inte- 
said another molecule may be the same or different gT ^ d CirCUlt fabrica ti°n. Other regions of the support 
trom that used in step (b); remain inactive because they are blocked by the mask from 

(d) removing the photolabile protecting group from one of m ™ ma ?° n and re main chemically protected. Thus, a light 
the molecules bound to one of the regions of the , n P 65 Whi ° h regionS of the su PP ort react with a 
support to provide a region bearing a molecule with an & v ? n m onomtr. The protected monomer reacts with the 
unmasked reactive site; activated regions and is immobilized therein. The protecting 

(e) binding an additional molecule to the molecule with an ^"f * removed b ? Photolysis and washed off with unre- 
unmasked reactive site; acted mon °mer. By repeatedly activating different sets of 

(f) repeating steps (d) and (e) on regions of the sunnort « ^f^t r ' gl0ns L and contacting different monomer solu- 
until a desired plurality of compound 2n * divBISC a " ay ° f of 
the component molecules, each ^compound EpW be 7 <»*P°"tion at defined regions of the substrate can 
separate regions of the support WmpaWSl occu PV ln g ^ Prepared. Arrays of 10<\ 10 7 , 10*, 10* , 10 10 , 10", 10 J2 or 

Areiated method of forming a plurality of compounds on ™T ^ pol ? mGVS c ™ be ambled on the substrate. 

to reveal the reactive site. The reactive site protected mf? Tf" 8 gr ° UP ° f ^ f ° tlmlIa ^"^0 

with a photolabile protecting group of this invent Ms 45 Srht'ln /uTct^ ^ *" 

process is repeated for other regions of the suooort wfoh 1 , u S ' *" P rotectln g group is attached to a 

other molecules as desired to provide a su^oThaWng SST " ^ " ^ ^ * r£m ° Ved by P ho " 

molecules with reactive sites protected by photolabile nro tk?' va k 

tecting groups on separate regions of theLppor, ReactLe" alta/h Ih/v T 0 /, SolidsupP ° rl » a V ■* °' any shape, 
sites can be unmasked by removing the photolabile ™ so „f ^1 PrekrMy ^ be rou 8 hl y ^ 
trom selected regions and coupled To JZ^TmoltcvZ TcT "v D ° f ^ ho ™Z™°™ i" shape 

with photolabile protecting groups as described "arte to Z^^T 1 ^ ^ SUpPM * ^ and 

build up arrays of compounds on the support Again n a ve 1 unZm^n • S ° m£ embodiments ' SU PP°^ that are 
"m« and match" approach, monomers with chem callv I J ™ mly be P articular ly piefcned. In 

labile protecting groups can be attached to a eactive" te Z 55 IT™ 7^™*' °' ^ differenl P°P U " 

the substrate (i.e., on the support itself when the L aver SnHH I ^ may be ^ for «*"^ Ptoses, 

of monomers is being assembled or subsequen ly omo an nrim^rflv T may f COnsist of ™W m ="^als, limited 
already attached monomer whose reactive sh has been nuZ L ^ °' derivadzation to any of a 

unmasked) and these chemically labile protecting groups with the t^T^ gr0UpS and «>"Patibility 

can be replaced by a photolabile protecting groups of thl 60 ^ ^ '° P roduce the ^ ™l 

tnvention The replacement is accomp.isheXy TJovt ZZIZL^^ *« '»« attacbment 

the chem,cally labile protecting group under condition! ttetl Jf^ T ^T* materia ' S ty P icaI1 y wiU be 
which do not affect any photolabile groups which may b on yn he^is ™ T "l TT^ " P£ptid£ a " d 
he support. This then reveals an unmasked reactive site on healilv ^rJ " r i f ' a ' eX ' P 0 ^^ glycol, 

the monomer which had carried the chemically labile pro « 3,T^ Polystyrene or similar polymers, gold 
tectmg group and this unmasked reactive site isLacted Z ?h™ I » , "T ' Par " CkS ' a " d °' her materlak kn ° w « 

a reagent of the formula M^R^R^IqoCx with wt t , ^ ^ ^ reactive g™ P s 

^ iA ^ L(U)-X, with which such sohd supports may be derivatized are those 
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commonly used for solid phase synthesis of the polymer and 5,677,195), and 07/796,243, filed Nov. 22 1991 (now issued 

thus wiU be well known to those skilled in the art, i.e., as U.S. Pat. No. 5,384 261), incorporated h«e n b^fer- 

carboxyls, ammes, and hydroxyls. ence for all purposes. In the methods disclosed in thei 

lo improve washing efficiency, one can employ nonpo- applications, reagents are delivered to the substrate by either 
rous supports or other solid supports less porous than typical 5 (1) flowing within a channel denned on predefined regions 

peptide syn thesis supports; however, for certain applications or (2) "spotting" on predefined regions However other 

work 'T T ™°*> - olW supports approaches, as well as combinations o § f spotting and flowkg 

2 ^17 7 h i P ; eferaMe - ° ne L such su PP° rt is a be ""ployed. In each instance, certain actuated regions 

resin m the form o beads. In general, the bead size is in the of the substrate are mechanically separated from other 
range of 1 nm to 100 m , but a more massive solid support 10 regions when the monomer solutions are delivered to the 

ot up lo 1 mm in size may sometimes be used. Particularly various reaction sites. Photocleavable linkers are particu- 

prelerred resins include Sasrm resin (a polystyrene resin larly suitable for this technology as this delivery method 

TenUGel S AC phr t' f^T^' ^ may Z^™** reSult ln poor s y nlhesis fideli 'y due to 

/nnlvl 5 » f , B ',° r TenUGel S NH * resin s P readin S. ^agent dilution, inaccurate delivery, and the like 
Mc f 0 rL P crI ^v^ r g y T l C0P ° ly ^ r rCS T ^T 1 - 15 B y usin g a P«°to C leavable linker, rather than a conventional 

nrilrrT , Tubingen Germany). Other acid-cleavable linker, the purest material can be selectively 

preferred supports are commercally available and described cleaved from the surface for subsequent assaying or other 

"n oTher e iH LaJO , U \H alif ' r, u ■ M ° K Speclfica,ly > ™ ks ca ° be Ld wtn 

altern^ £ f T ' , ™ M * 01 CkaVinS ,he Ifcker ,0 eDSUre that onlv ™™ » 'enter of 
alternatively, may take on alternative surface configurations. 20 the delivery area (i.e., the area where reagent delivery is 

tor example, the solid substrate may contain raised or most consistent and reproducible) is cleaved. Accordingly 

eZZ*£ TT ° n , T C u SynthCS f ^ Place - In some the raaterial thus ^lectively cleaved will be of higher purity 

embod ime nte, the solid substrate will be chosen to provide than if the material were taken from the entire strfaT 

appropriate light-absorbmg characteristics. For example, the Typically, the molecules used in this method will be the 
subs rate may be a polymerized Langmuir Blodgett film, 25 monomelic components of complex macromolecules These 

tunctionaltzed glass, S., Ge, GaAs, GaP, Si0 2 , SiN 4 , modi- monomeric components can be small Znd moleSes 

lied silicon, or any one of a variety of gels or polymers such amino acids, nucleic acids, nucleotides nudeosTdes 

s (poly).etrafluorethylene, (poly)vinylidendifl»oride, monosaccharides and the like, thereby alloS one to 

^ v'f I C f ° nate ' ° r combinations hereof. Other synthesize arrays of complex macromolecules or polymeric 

ho e of SI X eart r6 f ly T arent 10 30 SeqU£QCeS ' SUCh " P^p'pt^es, nucleic acids and'syS 

those ot skill in the art. Preferably, the surface of the solid receptors, on the solid support 

carboxvl ^minTTn reac f e , JF° U P S > could be This invention discloses new nucleoside phosphoramidite 

carboxyl, amino hydroxy], thiol, or the like. More monomers with 1-pyrenylmelhyloxy-carbonyl ("PYMOC") 

K^sTlS;^ T^ 11 ' tranSParent / nd WiU 5 '- pr ° teC,inB gr ° UpS The ^ are Photo.y.ically y ciav™unSe 

rr£t ^nationalities, such as are found on 35 irradiation at wavelengths greater than about 350 nm, pref- 

The ^hlth,!, „rn. ,■ , eraWy 31 ab ° Ut 365 nm > in the P resence of ^'hanol, water, 

" H P 1 ' , u pro,ectln e p> u P s and protected mono- or water-solvent mixtures and/or with nucleophilic scaven- 

rLJon^nhrl 11 , CaD , ^ T d ! a b6ad blSed gMS SUCh aS hydr °8* n P eroxide at ^utral or basic pH. The 

methods of immobmzation of arrays of molecules on solid rate of photolysis is similar to that observed for the MeN- 

SUP A^., 1 ut u , « P °C group. However, the yield of PYMOC photo-removal 

A general approach for bead based synthesis is described is much higher (-95%), so that the use of these monomers 

Ibando ^ f ' ^ ° 7/762 ^ 22 (fl,ed Sep - 18 ' lm - fM P h0 '°^^al synthesis of ofigLcl Ses ?~ 

No 07^6 lT ^T^TT" ^Plication Ser. higher stepwise cycle yields and Lrefore higher-purity 

no. u//y4o,239, which was abandoned in favor of oligomers 

continuation-in-part application Ser. No. 08/146,886, which 45 The 1-pyrenylmethyloxycarbonyl group described here 

irS£ SLoned N °- f' 639 'T ); 07/946 ' 239 (61ed SeP - ^ be ^ f ° r ' hC P ^ eCti ° n ° f al-hShe pho £J£3 

16 1992, ab andoned in favor of continuation-in-part appli- PYMOC is faster than that of the 1-pyrenylmethyl group so 

TSmy^^iSfLST ^Toof US Pat - N °- " ™f *° be * -P-or phot^emovabJpSn" 

354:82-84; PCT application no. 92/00091 and Houghten et 
al, (1991) Nature 354:84-86, each of which is incorporated 
herein by reference for all purposes. 55 

Other methods of immobilization of arrays of molecules Ar- 
in which the photocleavable protecting groups of this inven- 
tion can be used include pin based arrays and flow channel * 2 
and spotting methods. 

a,,n P m a rh Cl H a ,v a i 1C "5T ^° Cln * P ? P ? * ^ tne pin 60 where ^ » an 0 Ptionally substituted fused polycyclic aryl 

k offe^rt h P „ P r y , eS 'f • , d f np ' M ° f ,hiS melh0d vinylogously substituted derivative of the foregoing- 

is ottered by Geysen et al., J. Immunol Meth h0R7^ d d * j j , , lul ^«s. 

102:259-274 incorporated herein by reference ( ^ 1 ,t 1 \™ /^P,^'^ H > °Pti°nally substituted 
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clic aromatic hydrocarbon. FIG. 2 shows representative 
examples. Preferred substituents on the aromatic 
hydrocarbons would be electron-doDating groups that 
stabilize an incipient excited state benzyl carbocation. 
Other embodiments of the PYMOC photogroup, for 
example, include at least one additional substituent at the a 
position, such as a methyl group or a methoxy-substituted 
phenyl. These substituents will increase photosolvolysis 
efficiency, and improve the selectivity for the 5'-hydroxyl in 
the preparation of the monomer S'-protected nucleoside. 

EXAMPLE 

SYNTHESIS OF 5' — 0 — PYMOC-2- 
DEOXYNUCLEOSIDE-3' — O — (N,N- 

DIISOPROPYL) 
CYANOETHYLPHOSPHORAMIDITES 

All chemical reagents used were procured from commer- 
cial sources (Aldrich Chemical Co., Milwaukee, Wis. and 
Sigma Chemical Co., Milawaukee, Wis.). Intermediates and 20 
products were identified by mass spectrometry, ^-NMR 
and 31 P-NMR. 
Abbreviations: 

DIEA — Diethyl isopropylamine 

NHS — N-hydroxysuccinimide 2 5 
THF — Tetrahydrofuran 

MeNPOC— me thylnitropiperonyloxycarbonyl 

TEA — Triethylamine 

DMAP — 4-Dimethylaminopyridine 

Pentarluorophenyl Chloroformate 30 

Pentafluorophenol (30 g; 163 mmol) and triethylamine 
(20 g, 200 mmol) were combined in 200 ml dry THF, and 
then added dropwise to a stirring solution of phosgene (20 
g; 200 mmol) in 100 ml of toluene at 0° C. After 2 hours, the 
solution was filtered and evaporated to give the crude 35 
product as an oil, which was recrystallized from hexane to 
obtain 30 g (75%) pure pentarluorophenyl chloroformate. 
5' — O — (l-Pyrenylmethyl)oxycarbonyl-2'- 
deoxynucleosides 

The following general procedure was used to prepare 40 
5'-PYMOC-derivatives of thymidine, N-4-isobutyryl-2'- 
deoxycytidine, N-7-phenoxyacetyl-2'-deoxyadenosine, and 
N-4-isobutyryl-2'-deoxyguanosine: 

The base -protected nucleoside (20 mmol) was dried by 
co-evaporating 3 times with 50 ml dry pyridine, then dis- 45 
solved in 20 ml CH 2 C1 2 and 10 ml dimethylsulfoxide 
(DMSO) containing 1.7 ml (21 mmol) pyridine. The result- 
ing solution was cooled to -10° C. under argon, and 5 g (20 
mmol) of pentarluorophenyl chloroformate was added all at 
once with stirring. After an additional 2-3 hours stirring at 50 
-10° C, the reaction mixture was analyzed by TLC or 
HPLC to determine the extent of conversion. Additional 
quantities of pentarluorophenyl chloroformate and pyridine 
(-O.4-1.0 mmol each) were then added, as needed, until the 
nucleoside was completely converted to the 5'— O— 55 
pentafluorophenoxycarbonyl derivative. Although isolable, 
at this point the intermediate was usually converted directly 
to the PYMOC-derivative, in situ, by the addition of 
1-pyrenemethanol (6 g, 26 mmol), followed by 10 ml of 
triethylamine and 0.25 g (2 mmol) of N,N-dimethyl- 60 
aminopyridine, and stirring overnight at room temperature. 
About 50-100 ml of CH 2 C1 2 was then added, and in the case 
of thymidine, the pure PYMOC-derivative precipitated and 
could be collected by filtration. Otherwise, the solution was 
washed twice with 5% aqueous NaHC0 3 , once with satu- 65 
rated Nad, dried with Na 2 S0 4 , and evaporated to dryness. 
The crude material was finally purified by flash chromatog- 
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raphy (silica gel, 2:8 ethyl acetate-CH 2 CI 2 /l-6% methanol 
gradient) to obtain the pure 5*-PYMOC nucleoside products 
in -75% yield. 

5' — 0 — (l-Pyrenylmethyl)oxycarbonyl-2'- 
deoxy nucleoside -3' — O — (N,N-diisopropyl) 
cyanoethylphosphoramidites 

On a 12 mmol scale, the 5'-PYMOC nucleosides were first 
dried by co -evaporation with dry pyridine, and then dis- 
solved or suspended in 50 ml of dry CH 2 C1 2 . Then 
2-cyanoethyl-N,N^ 1 ,N 1 -tetraisopropylphosphorodiamidite 
(4.4 g; 14.5 mmol) and N,N-diisopropylammonium tetra- 
zolide (1 g; 6 mmol) were added, and the mixture was left 
stirring under argon overnight. The solution was washed 
twice with 10% aqueous NaHC0 3 , once with saturated 
NaCl, dried with Na 2 S0 4 , and then evaporated to dryness. 
The crude products were purified by flash chromatography 
(silica gel, eluting with a 1-5% methanol gradient in 2:8 
ethyl acetate-CH 2 Cl 2 containing 0.5% triethylamine) to 
obtain the pure phosphoramidites in -80% yield. 

Table 1 compares the efficiency of photolytic cleavage of 
PYMOC protected nucleosides to MeNPOC 
(methylnitropiperonyloxycarbonyl) protected nucleosides. 

TABLE 1 



Base 


5'-Protecting 
Group 


Photolysis Rates: 
Solvent 


Power 




T 


MeNPOC 


dioxanc 


35 mW/cm 2 


9 sec 


T 


PYMOC 


MeOH 




10 sec 


T 


PYMOC 


1:1 dioxanc- H 2 0 




10 sec 


T 


PYMOC 


9:1 dioxane-MeOH 




43 sec 


QlbU 


MeNPOC 


dioxane 


27 mW/cm 2 


11 sec 


QibU 


PYMOC 


MeOH 




13 sec 



Table 2 compares the coupling cycle efficiency (six 
cycles) of PYMOC protected and MeNPOC protected 
nucleosides to a phosphoramidite solid support using surface 
fluorescence analysis. 



TABLE 2 





Stepwise Coupling Cycle 


Efficiencies: 


1. 


Surface fluorescence analysis fstaircaw." assay 1 ): 




5 '-Protecting 




Yield (6 steps) 


Base 


Group 


Net 


Avg. Stepwise 


T 


MeNPOC 


15 


73 


T 


PYMOC 


56 


91 




MeNPOC 


29 


81 


dG a> u 


PYMOC 


61 


92 


dC ftn< 


MeNPOC 


37 


85 


dC ib1J 


PYMOC 


68 


94 



Table 3 compares the coupling cycle efficiency (six 
cycles) of PYMOC protected and MeNPOC protected 
nucleosides to a phosphoramidite solid support using HPLC 
analysis. 
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. HPLC analysis (DQPOAWmi; v t Uienod M Tv.d>n n .in» > Y y 



Base 



5 '-Protecting 
Group 



Yield f3 steps) 



Net Avg. Stepwise 



T 
T 
T 
T 
T 
T 
T 



PYMOC 
MeNPOC 



92 
93 
45 
43 
48 
40 
48 



97.2 

97.6 avg 97.4 

77 

75 

78 

74 

78 avg 76.4 



The foregoing invention has been described in some detail 
by way of illustration and example, for purposes of clarity 
and understanding. It will be obvious to one of skill in the 
art that changes and modifications may be practiced within 
the scope of the appended claims. Therefore, it is to be 
understood that the above description is intended to be 
illustrative and not restrictive. The scope of the invention 
should, therefore, be determined not with reference to the 
above description, but should instead be determined with 
reference to the following appended claims, along with the 
rull scope of equivalents to which such claims are entitled 

All patents, patent applications and publications cited in 
this application are hereby incorporated by reference in their 
entirety for all purposes to the same extent as if each 
individual patent, patent application or publication were so 
individually denoted. 

What is claimed is: 

1. A method of attaching a molecule with a reactive site 
to a support comprising the steps of: 

(a) providing a support with a reactive site; 

(b) binding a molecule to the reactive site, said first 
molecule comprising a masked reactive site attached to 
a photolabile protecting group of the formula Ar— C 
( R i)(R 2 )— O— C(O)— wherein: 

Ar is an optionally substituted fused polycyclic aryl or 
heteroaromatic group or a vinylogously substituted ' 
derivative of the foregoing; 
Rj ^1 h m independently H, optionally substituted 
alkyl, alkenyl or alkynyl, or optionally substituted aryl 
or heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; 
to produce a derivatized support having immobilized 
thereon the molecule attached to the photolabile protecting 
group; and h 

(c) removing the photolabile protecting group to provide 
a derivatized support comprising the molecule with an 
unmasked reactive site immobilized thereon. 

2. The method of claim 1, wherein the binding step in (b) 
torms a covalent linkage. v y 

3. The method of claim 2, further comprising: 

(a) coupling a second molecule to the unmasked reactive 
site which second molecule comprises a second 
masked reactive site attached to the photolabile pro- 
tecting group to produce a derivatized support having 
immobilized thereon a chain of the first and second 
molecules; and 

(b) removing the photolabile protecting group to provide 
a derivatized support with a chain of the first and 
second molecules with a second unmasked reactive site 
immobilized thereon 



45 



50 



steps (a) and (b) with a succession of molecules to provide 
a chain of molecules immobilized on the support. 



5. The method of claim 4, wherein the molecules are 
deoxynucleosides. 

6 The method of claim 5, wherein the support is a glass 
or silica substrate. 
5 7. The method of claim 1, wherein Ar is independently 
1-pyrenyl or 9-anthracenyl, R^H and R 2 is independently 
H, methyl p-methoxyphenyl, 3,5-dimethoxyphenyl 
9-anthracenyl or 1-pyrenyl. 

8. The method of claim 7, wherein Ar is 1-pyrenyl and R, 
10 and R 2 are H. 

9. The method of claim 5, wherein the deoxynucleosides 
are linked to the photolabile group via a 5'— OH 

10. The method of claim 1, wherein the photolabile group 
is removed by irradiation at a wavelength of greater than 350 

15 nm " 

11. The method of claim 10, wherein the wavelength is 
about 365 nm. 

12 A method of forming, from component molecules, a 
plurality of compounds on a support, each compound occu- 
20 pymg a separate predefined region of the support said 
method comprising the steps of: 

(a) activating a region of the support; 

(b) binding a molecule to the first region, said molecule 
comprising a masked reactive site linked to a photo- 

25 labile protecting group of the formula Ar—CflU 
(R 2 )_0-C(0)-, wherein: K l} 

Ar is an optionally substituted fused polycyclic aryl or 
heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; 

30 R, and R 2 are independently H, optionally substituted 
alkyl, alkenyl or alkynyl, or optionally substituted aryl 
or heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; 

(c) repeating steps (a) and (b) on other regions of the 
(5 support whereby each of said other regions has bound 

thereto another molecule comprising a masked reactive 
site linked to the photolabile protecting group, wherein 
said another molecules may be the same or different 
Irom that used in step (b); 

(d) i removing the photolabile protecting group from one of 
the molecules bound to one of the regions of the 
support to provide a region bearing a molecule with an 
unmasked reactive site; 

(e) binding an additional molecule to the molecule with an 
unmasked reactive site; 

(f) repeating steps (d) and (e) on regions of the support 
until a desired plurality of compounds is formed from 
the component molecules, each compound occupying 
separate regions of the support. 

13. The method of claim 12, wherein the binding steps 
rorm covalent linkages. 

14. The method of claim 13, wherein the molecules are 
deoxynucleosides. 

15 The method of claim 14, wherein the support is a glass 
or silica substrate, 

16. Th e method of claim 12, wherein Ar is independently 
1-pyrenyl or 9-anthracenyl, R 1= H and R 2 is independently 
H, methyl, p-methoxyphenyl, 3,5-dimethoxyphenyl 
9-anthracenyl or 1-pyrenyl. 

17. The method of claim 16, wherein Ar is 1-pyrenyl and 
Ri and R 2 are H. 

18. The method of claim 14, wherein the deoxynucleo- 
sides are hnked to the photolabile group via a 5'— OH 

19. The method of claim 12, wherein the photolabile 
group .ls removed by irradiation at a wavelength of greater 



20. The method of claim 19, wherein the wavelength is 
about 365 nm. & 
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21. The method of claim 14, wherein at least 106 chains 
a re immobilized on the support. 

22. The method of claim 12, wherein each of the regions 
has an area of between about 1 pm 2 and 10,000 fim 2 . 

23. The method of claim 12, further comprising: 5 

(g) covalently binding a second molecule comprising a 
masked reactive site linked to a chemically labile 
protecting group to a reactive site, wherein the reactive 
site is either on an activated region of the support as 
formed in step (a) or is an unmasked reactive site on a 10 
molecule on the support as formed in step (d); 

(h) replacing the chemically labile protecting group with 
the photolabile protecting group to provide a region of 
the support having a molecule with the photolabile 
protecting group; and 15 

(i) repeating steps (d)n(f) of claim as desired. 
24. A method of attaching a molecule with a reactive site 

to a support comprising the steps of: 

(a) providing a support with a reactive site; 

(b) binding a molecule to the reactive site, said molecule 20 
comprising a masked reactive site attached to a photo- 
labile protecting group of the formula Ar— C(R,) 
0*2)^ wherein: 

Ar is an optionally substituted fused polycyclic aryl or 
heteroaromatic group or a vinylogously substituted 25 
derivative of the foregoing; 

R a and R 2 are independently H, optionally substituted 
alkyl, alkenyl or alkynyl, or optionally substituted aryl 
or heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; to produce a derivatized 30 
support having immobilized thereon the molecule 
attached to the photolabile protecting group; and 

(c) removing, by irradiation, the photolabile protecting 
group to provide a derivatized support comprising the 
molecule with an unmasked reactive site immobilized 35 
thereon. 

25. A method of forming, from component molecules, a 
plurality of compounds on a support, each compound occu- 
pying a separate predefined region of the support, said 
method comprising the steps of: 40 

(a) activating a region of the support; 

(b) binding a molecule to the first region, said molecule 
comprising a masked reactive site linked to a photo- 
labile protecting group of the formula Ar— C(R,) 
(^2) — , wherein: 45 

Ar is an optionally substituted fused polycyclic aryl or 
heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; 

Rj and R 2 are independently H, optionally substituted 
alkyl, alkenyl or alkynyl, or optionally substituted aryl 50 
or heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; 

(c) repeating steps (a) and (b) on other regions of the 
support whereby each of said other regions has bound 
thereto another molecule comprising a masked reactive 55 
site linked to the photolabile protecting group, wherein 
said another molecules may be the same or different 
from that used in step (b); 

(d) removing, by irradiation, the photolabile protecting 
group from one of the molecules bound to one of the 60 
regions of the support to provide a region bearing a 
molecule with an unmasked reactive site; 

(e) binding an additional molecule to the molecule with an 
unmasked reactive site; 

(f) repeating steps (d) and (e) on regions of the support 
until a desired plurality of compounds is formed from 
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the component molecules, each compound occupying 
separate regions of the support. 
26. A method of attaching to a solid support a molecule 
with a masked reactive site linked to a photolabile protecting 
group having a formula Ar— C(R 1 )(R 2 )_0— C(O)— 
wherein: 

Ar is an optionally substituted fused polycyclic aryl or 
heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; and 
R a and R 2 are independently H, optionally substituted 
alkyl, alkenyl or alkynyl, or optionally substituted aryl 
or heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; said method comprising the 
steps of: 

(a) activating a region of the support; 

(b) binding a molecule to the first region, said molecule 
comprising a masked reactive site linked to a protecting 
group; 

(c) removing the protecting group to provide a region 
bearing a molecule with an unmasked reactive site; 

(d) protecting the unmasked reactive site by exposing it to 
a reagent of the formula Ar— C^XR^,}— O— C(O)— 
X, wherein X is a leaving group, to provide a support 
with a molecule with a masked reactive site linked to a 
photolabile protecting group. 

27. A method of forming, from component molecules, a 
plurality of compounds on a support, each compound occu- 
pying a separate predefined region of the support, said 
method comprising the steps of: 

(a) activating a region of the support; 

(b) binding a molecule to the first region, said molecule 
comprising a masked reactive site linked to a protecting 
group; 

(c) repeating steps (a) and (b) on other regions of the 
support whereby each of said other regions has bound 
thereto another molecule comprising a masked reactive 
site linked to a protecting group, wherein said another 
molecules and protecting groups can be the same or 
different 12 to each other; 

(d) removing the protecting group from one of the mol- 
ecules bound to one of the regions of the support to 
provide a region bearing a molecule with an unmasked 
reactive site; 

(e) binding an additional molecule to the molecule with an 
unmasked reactive site; 

(f) repeating steps (d) and (e) on regions of the support, 
until a desired plurality of compounds is formed from 
the component molecules, each compound occupying 
separate regions of the support, with the proviso that at 
least one of the protecting groups used in steps (a)-(f) 
is a photolabile protecting group of the formula Ar— C 
CR1XR2)— O— C(O)— , wherein: 

Ar is an optionally substituted fused polycyclic aryl or 
heteroaromatic group or a vinylogously substituted 
derivative of the foregoing; 
Rj and R 2 are independently H, optionally substituted 
alkyl, alkenyl or alkynyl, or optionally substituted aryl 
or heteroaromatic group or a vinylogously substituted 
derivative of the foregoing. 

28. The method of claim 27, wherein the binding steps 
from covalent linkages. 

29. The method of claim 23 wherein the binding steps 
form covalent linkages. 
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